Traditional outcome measures such as long-term mortality may be of less value than symptomatic improvement in elderly patients undergoing coronary artery bypass grafting (CABG). In this systematic review, we analyse health-related quality of life (HRQOL) as a marker of outcome after CABG. We aimed to assess the role of HRQOL tools in making recommendations for elderly patients undergoing surgery, where symptomatic and quality-of-life improvement may often be the key indications for intervention. Twenty-three studies, encompassing 4793 patients were included. Overall, elderly patients underwent CABG at reasonably low risk. Our findings, therefore, support the conclusion that performing CABG in the elderly may be associated with significant improvements in HRQOL. In order to overcome previous methodological limitations, future work must clearly define and stringently follow-up this elderly population, to develop a more robust, sensitive and specialty-specific HRQOL tool.
INTRODUCTION
Ischaemic heart disease is one of the major causes of death, disability and health care resource utilization worldwide. As the population ages, an increasing number of elderly patients are undergoing surgical revascularization [1] . Elderly patients pose a significant challenge as they have a greater incidence of comorbidities impacting adversely on outcomes and thus experience higher morbidity and mortality. Coupled with the unprecedented rise in the number of elderly patients presenting as potential surgical candidates, recent advances in operative techniques and perioperative care have resulted in an increasing number of elderly patients undergoing coronary artery bypass grafting (CABG) procedures [2, 3] .
CABG is very effective at relieving angina and improving survival, which are the primary indications for the operation. Traditional outcome measures assessing the quality of CABG have been morbidity and mortality. However, with improvements in perioperative care, cardiopulmonary bypass and surgical techniques, the overall mortality associated with CABG has declined despite an increasingly elderly and sicker patient cohort. Furthermore, in an ever-aging elderly population in whom surgical intervention is more often of symptomatic rather than prognostic benefit, long-term mortality has limited use as an outcome measure.
Over recent years, there has been an increasing interest in assessing health-related quality of life (HRQOL), defined as a multi-dimensional assessment of an individual's perception of the physical, psychological and social aspects of life that can be affected by a disease process and its treatment. This increasing focus on the patient's perspective has led to the development of Patient Reported Outcomes Measures (PROMS), outcomes that provide a validated evidence of health from the patient's perspective [4] . The use of PROMs can greatly enhance the assessment of quality of care, particularly HRQOL, and have great potential to transform healthcare [5] . At present, there are three broad categories of PROMs instruments: (i) generic health status, (2) condition-or population-specific and, (iii) preference-based measures. Generic health status measures (e.g. Short form [SF]-36, RAND SF-36, SF-20) aim to give a fully comprehensive assessment of HRQOL thus providing a common scoring system that may be used to compare different patient cohorts, conditions and subsequent treatments. In contrast, condition-specific measures (e.g. Seattle Angina Questionnaire [SAQ] , Dukes Activity Status Index [DASI] and Rose Angina Questionnaire [RAS] ) provide a precise score of health status for a given condition, rendering them more sensitive to smaller changes in HRQOL that may not be reflected in a general measures assessment [6] . Preference-based measures differ in that they provide an assessment of the effectiveness of a treatment or intervention to prevent disease based on HRQOL. The outcomes of such scoring systems are often utilized in evaluating the costeffectiveness or cost-benefit of a given treatment or procedure. Examples of such tools include the 15D-Measure of Health-related Quality of Life and EuroQOL-5D scoring systems [7] .
As a consequence of the increasing elderly population undergoing cardiac surgery, data are needed to adequately counsel patients so that their expectations are aligned with their likely outcome, particularly in terms of improvements in quality of life. In the elderly population, the assessment of quality of life after cardiac surgery has been recently appropriately described as 'under researched research' [8] , with greater focus on mortality as a marker of surgical outcome. However, in this population where symptomatic rather than long-term prognostic improvement is more pertinent in defining operative success, HQOL may be a more important indicator of clinical outcome.
The aims of this study were to systematically review the published literature relating to HRQOL outcomes for elderly patients who have undergone CABG. First, we assess the quality of studies within the literature, highlight the different tools used in assessing HRQOL and identify predictors of poor HRQOL. Secondly, we perform comparative therapies assessment in terms of HRQOL in the elderly and demonstrate findings that confirm the potential benefits of CABG in elderly patients. Finally, we uncover the limitations of the current literature and formulate recommendations for much-needed future work in this area.
MATERIALS AND METHODS

Literature search
This study was performed in accordance with guidelines for the 'Preferred Reporting Items for Systematic reviews and Meta-Analyses' (PRISMA) [9] .
A systematic search was carried out using MEDLINE (1950 to date), EMBASE (1980 to date) and PsycINFO (1966 
Eligibility criteria
Articles relating to HRQOL outcomes in elderly patients (i.e. aged ≥70) who had undergone CABG were included.
One of the greatest challenges is the lack of consensus as to the definition of elderly. There is no consistent and universally accepted age cut-off for defining the elderly. The WHO/UN have traditionally defined elderly as 60 years and over [10] , and many developed countries have taken the age of retirement at 65 to define the elderly population. In the literature, its definition has been changing with time. However, most of the literature relating to CABG over the past two decades has defined elderly as those aged 70 years or older. It is interesting to note that the latest American Heart Association/American College of Cardiology guidelines now define elderly as 80 years of age [11] .
All studies where full text was available in the English language were included in this review.
Studies were excluded when they reported: (a) patient groups with a mean age of ≥70 but included patients aged <70 years of age; (b) HRQOL outcomes in patients undergoing CABG and concomitant valve or other surgery.
Study selection and data collection process
Two reviewers ( J.P. and L.H.) independently identified potentially relevant articles. The full text of the article was obtained and further screened for inclusion if it addressed HRQOL outcomes in elderly patients after CABG. Conflicts between reviewers were subsequently discussed until 100% agreement was achieved on the final studies to be included in the review. The inter-rater agreement reliability was calculated by consensus estimate to be 90%.
The following information was extracted from each study: First author, year of publication, research type, study population, HRQOL instrument used, timings of the follow-up, number of patients included in the study, completeness of follow-up, overall conclusions and quality of the study (Tables 1-4 ).
Quality scoring
The quality of eligible studies was assessed using the criteria for assessing the methodological quality of studies in HRQOL, adapted from that previously described by Mols et al. [12] (Fig. 1) . Briefly, in this modified scoring system, one point is assigned for each of a standardized checklist of 10 pre-defined criteria. Where a criterion is described inadequately or not at all, a score of zero is given, allowing the overall score to range from 0 to 10. Those studies scoring >8 were considered 'high-quality', a score between 5 and 8 was considered 'moderate quality' and <5 'poor quality'.
RESULTS
Study selection
Our search identified 999 potentially relevant publications that underwent abstract review by two independent reviewers (K.B., L.H.). Nine hundred and sixteen studies were excluded following abstract review, as they did not primarily address the HRQOL outcomes in elderly patients after CABG surgery. Of the remaining 83 studies, a further 62 were excluded after a review of the full text. The reference sections of the remaining 21 studies were reviewed in an attempt to identify any further relevant studies. This identified a further two articles that fulfilled our inclusion criteria. Finally, 23 studies were included in the systematic review (Fig. 2) .
Quality of included studies
The included studies varied in quality according to the criteria used in Fig. 1 [12] . The scores of the eligible studies ranged between 0 and 10 out of a maximum of 10 (Tables 1-4, Fig. 3B ). Twenty-two of the eligible studies were allocated a score of ≥8.
Study design and population
Our search identified 23 studies incorporating 4793 patients ranging from 70 to 93 years of age that assessed HRQOL outcomes in elderly patients after CABG. Study sizes varied from 28 to 987 patients. Twenty were cohort studies, and three were randomized controlled trials. Fourteen studies were carried out retrospectively and nine prospectively. Thirteen studies were conducted in the USA and North America, and the remaining in European centres. All studies were carried out at tertiary referral centres/university hospitals. Fourteen studies assessed HRQOL both pre-and postoperatively [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . None of the included studies compared findings with age-matched controls. The weighted mean age of patients included in this analysis was 80.7 ± 4.9 years.
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HRQOL measures
A total of 11 different instruments were used in the 23 studies.
Generic measures were used in seven of the studies (SF-36, RAND SF-36, SF-20, York SF-12, Functional Status Questionnaire and Sickness Impact Profile) [13, [27] [28] [29] [30] .
Preference-based measures were used in four studies [14] [15] [16] 31] (15D-Measure of Health-related Quality of Life and EuroQOL-5D).
Condition-specific measures were used in 10 of the studies [17] [18] [19] [20] [21] [32] [33] [34] (SAQ, DASI and Rose Angina Questionnaire).
Of the 23 studies included, two used one questionnaire to assess HRQOL outcomes [13-21, 27, 30-34] . Two HRQOL questionnaires were used by six of the studies [22, 23, 25, 26, 29, 35] . One study used three HRQOL questionnaires [24] .
Timings of HRQOL assessments
Fourteen of the eligible studies carried out baseline HRQOL assessments either preoperatively or during the perioperative period [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Timings of postoperative HRQOL assessments in the eligible studies varied form 6 weeks to 4 years (see Fig. 3A ). Five studies performed assessments within the first 6 months [19, 23, 25, 26, 29] . Five studies performed their final postoperative assessment at 1 year, five studies between 1 and 2 years, [15-17, 22, 24] and four studies between 2 and 3 years [20, 27, 31, 32] . Two studies performed final assessments >3 years after the initial operation [28, 33] . One study did not specifically state the time of postoperative HRQOL assessment [21] .
Follow-up
Patient follow-up varied between 18 and 100% within the eligible studies. Seventeen of the studies reported the follow-up of ≥75% [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [32] [33] [34] [35] . Six studies reported the follow-up of <75% [13, 17, 18, [29] [30] [31] . Information regarding patients lost to the follow-up was reported by all 23 studies. The 17 studies reporting completion of the follow-up of >75% included a total of 3892 patients. Of these, 3330 patients completed the follow-up. The weighted mean follow-up achieved by these 3330 patients was 20.95 months. The six studies reporting completion of the follow-up of <75% corresponded to a total of 928 patients. Of these 928 patients, 438 completed the follow-up. The weighted mean follow-up achieved by these 438 patients was 20.87 months.
DISCUSSION
Our systematic review has analysed 23 studies investigating HRQOL in elderly patients (age 70-93) undergoing CABG, spanning a period of two decades. These studies confirm the potential benefits of CABG in elderly patients, with the majority of studies showing that elderly patients can undergo CABG procedures at a reasonably low risk resulting in significant symptomatic and overall quality of life improvement. 
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We highlight the importance of considering the elderly populace as being distinct from younger cohorts, since elderly patients often do not derive the same degree of benefit in QOL as younger patients. Furthermore, in some cases such improvements have been very limited and not sustained [14, 15, 19, 22] .
Impact of different techniques: off-pump vs on pump CABG
There were two studies, both Randomised controlled trials (RCTs), that investigated the effects of off-pump vs on-pump techniques for CABG on HRQOL outcomes [25, 26] . Both studies demonstrated significant improvements in HRQOL in both surgical technique groups, with no significant difference between off-pump and on-pump strategies. The follow-up period in both studies was very short, at 3 and 6 months, respectively. Further follow-up and analyses in the Danish On-pump vs Off-pump Randomization Study (DOORS) are awaited and should provide more useful insight into long-term outcomes [26] .
QOL assessment tools
One of the challenges in comparing studies assessing HRQOL is the use of multiple instruments. The most commonly used HRQOL assessment tools in our analysis were the EQ-5D/EuroQOL (preference based), SAQ (condition specific) and SF-36 (generic).
A recent report was commissioned by the UK Department of Health to identify Patient Reported Outcome Measures (PROMs) that have been evaluated for patients undergoing coronary revascularization [36] . The report concluded that the EQ-5D/EuroQOL, SF-36 and SAQ HRQOL measures possessed the strongest evidence for use with patients undergoing elective CABG. This report also recommended that the Coronary Revascularisation Outcomes Questionnaire (CROQ) merited further investigation. The CROQ is a recently tool developed in the UK and has significant promise since it includes both psychological and cognitive functioning as well as unique surgery-specific items. The CROQ is intended to compare quality of life and outcomes in patients undergoing CABG and percutaneous coronary angioplasty. This tool has been evaluated in five studies investigating the outcomes of CABG and has shown responsiveness and acceptability comparable with the longstanding generic instruments SAQ and SF-36 [37] . When taking these recommendations into account, the predominant use of these three HRQOL tools by the studies within this systematic review adds strength to its findings and provides a concordance with this report.
HQOL assessment of CABG vs PCI vs medical therapy
We identified 3 studies providing a comparative therapies HRQOL assessment between medical therapy and revascularization (Percutaneous coronary intervention [PCI] or CABG). Of these, the 
Trial of Invasive vs Medical Treatment in Elderly patients with
Chronic Angina (TIME) was the first prospective randomized treatment trial in elderly patients with chronic symptomatic coronary artery disease [38] . A subsequent on-treatment analysis of the TIME trial demonstrated that revascularized elderly patients exhibited a greater relief from angina and more significant improvements in HRQOL measures than with optimized medical therapy (OMT) [24] . Furthermore, patients undergoing CABG experienced greater symptomatic relief and reported improved quality of life at 1 year in comparison to those treated with PCI.
Graham et al. [32] showed that patients (aged 70-79) treated with PCI or CABG tended to have better crude SAQ scores than those treated medically. In patients >80 years, CABG scored significantly better than PCI, with exception of exertional capacity. This study importantly demonstrated that the benefits of surgical revascularization extend to long-term enhancement (3 years) of quality of life. Conversely, however, Kamiya et al. [33] demonstrated comparable favourable HRQOL (SAQ) scores in physical and mental satisfaction domains, across the three treatment strategies.
Valuable insights into the effects of surgical revascularization on HRQOL can be obtained from large-scale RCTs of PCI vs CABG, in the non-elderly population. In the Stent or Surgery Trial, Zhang et al. [39] reported that although CABG and stent-assisted PCI dramatically improved cardiac-related health status in patients with multivessel disease at the 6-and 12-month follow-up, CABG was more effective in relieving angina, increasing physical functioning and improving quality of life during the first year after revascularization. Similarly, the SYNTAX quality of life sub-study (n = 903 PCI; 897 CABG) has shown both PCI and CABG to be associated with significant improvements in disease-specific and general health status when assessed using SAQ (disease specific), SF-36 and EQ-5D (general health status) questionnaires. CABG was also associated with a slightly greater improvement in SAQ score on the angina frequency subscale at 6 and 12 months when compared with PCI. This small but significant effect was, however, 
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counterbalanced by improved short-term (1 month) outcomes seen in the PCI group [40] .
Predicting poor quality of life
Despite the majority of studies demonstrating overall improvement in HRQOL outcomes in elderly patients undergoing CABG, a proportion of patients may not achieve such benefits and in fact may have poor outcomes. Surprisingly, only one of the studies in our review sought to analyse the predictors of postoperative quality of life. Using multivariate regression analysis, Wilson et al. [21] revealed that in octogenarians (n = 73), preoperative functional classification (New York Heart Association) and chronic renal failure were sensitive predictors of impaired quality of life after CABG. Furthermore, they also underlined the importance of family support in improving quality of life in the elderly. It is, therefore, paramount that the patient's comorbid conditions and social situation be equally considered in the decision-making process regarding therapeutic strategy for coronary artery disease.
Non-cardiac variables also appear to have a significant influence on HRQOL outcomes following CABG and potential strategies to improve HRQOL following cardiac surgery may target non-cardiac contributors. Although studies on non-cardiac contributors to HRQOL are limited in elderly patients, data taken from a younger population identify several factors such as female sex, diabetes, peripheral vascular disease, >2 days intensive care unit stay and chronic obstructive pulmonary disease to be independent predictors of low HRQOL after CABG [41] . Such findings are likely to be translatable since many of these patients will have significant coexisting comorbidities, including respiratory, musculoskeletal and cerebrovascular disease, which may impact their postoperative functional status.
Cost-effectiveness
One of the greatest challenges facing global health-care systems is the rapidly escalating cost of an increasingly aging population countered by limitation of resources and increasing drives for cost-effective treatments. The few analyses of cost-effectiveness comparing CABG surgery with medical therapy have shown that CABG is most economically attractive when applied to high-risk patients and those with severe symptoms [42] [43] [44] .
Only one study in our series addressed cost-effectiveness of CABG in the elderly and correlated this with quality of life. Sollano et al. [31] demonstrated that performing CABG in octogenarians was highly cost-effective and patients who underwent CABG enjoyed a better quality of life up to 3 years after surgery, compared with age-matched control subjects.
A cost-effectiveness analysis was also performed on a subgroup of the TIME study, demonstrating invasive strategy (PCI and CABG) to be cost-effective over a 1-year observation period relative to OMT as the early increased costs of revascularization were balanced by increased private practitioner's charges and symptom-driven late revascularizations [45] .
Frailty and HRQOL
Recently, there has been increasing interest in assessing the frailty of elderly patients. Frailty is an emerging concept that has no universally agreed definition, but can be considered as a biological state or syndrome of decreased resistance to environmental stressors resulting from a deterioration in multiple physiological systems [46] . Lee et al. [47] have demonstrated frailty to be a risk for postoperative complications and an independent predictor of in-hospital mortality, institutional discharge and reduced mid-term survival. They proposed that frailty screening improves risk assessment in cardiac surgery patients and may identify a subgroup of patients who may benefit from innovative processes of care. Singh et al. [48] showed that in patients >65 year after PCI, frailty, comorbidity and poor quality of life (as assessed by SF-36) are prevalent and are associated with adverse long-term outcomes. This is the only study to date that has utilized frailty and HRQOL assessments for risk stratification in elderly patients undergoing coronary revascularization and it provides strong evidence for including such geriatric assessments for improving risk stratification in this increasingly important patient population [49] .
Difficulties with HRQOL assessment
The study of HRQOL as a primary outcome measure has continued to increase, resulting in a proliferation of instruments. However, interpreting HRQOL studies is a complicated task, characterized by the lack of a gold standard measure of HRQOL. Many studies are limited by inadequate reporting which significantly restricts the quality of the data and subsequent conclusions drawn.
To date, two authors in particular have attempted to overcome some of these challenges. In 2008, Koch et al. [50] published their comprehensive review of the difficulties in analysing QOL after cardiac surgery giving an overview of emerging analytical techniques. Despite this, in their 2011 synopsis of 29 studies assessing QOL after cardiac surgery, Noyez et al. [8] found several ongoing serious methodological weaknesses relating to differing study design, lack of preoperative quality of life assessment, the variability in definition and length of the follow-up. Consequently, they proposed five minimal requirements to increase the validity of postoperative quality of life studies (Table 5) . Other groups such as Table 5 : Requirements to increase the validity of postoperative quality of life studies as taken from Noyez et al. [30] Criterion Explanation 1
Clearly define the number of patients included in the study, the precise surgical intervention (e.g. CABG only vs CABG + valve) and explicitly state inclusion and exclusion criteria 2
Clear description of the number of patients with: (i) preand postoperative QOL information and (ii) the number of patients with complete QOL information 3
State whether the study has been performed only on patients with complete data and whether imputation methods have been used to handle the missing data 4
State the reason for missing preoperative QOL data and a comparison of demographics, comorbidity, cardiac data and risk stratification of the groups with and without preoperative QOL data 5
State the reason for missing postoperative data as described in 4 Gill and Feinstein [51] have also developed criteria for assessment of quality of life studies and more recently, Mols et al. [12] devised their checklist, which was adopted in this review to assess study quality. Overall however, there is still an ongoing requirement for more conceptual and methodological rigour to be adopted in future quality-of-life studies.
Study limitations
As with all systematic reviews, it is possible that this review is subject to a degree of publication bias inherent in the included studies. Overall, the small number of studies (n = 23) shown here almost all indicate a beneficial effect of CABG on HRQOL in the elderly. It is, therefore, possible that there is a tendency not to report negative effects on HRQOL after surgery, particularly given the predominantly non-randomized study design. The definition of elderly is taken within this study to be patients age ≥70 years. However, there is a lack of universal definition of 'elderly' within the literature. In light of improvements in primary prevention and non-surgical management of cardiovascular disease, historical definitions taken by the WHO/UN of 60 years of age, or the retirement age of 65, no longer reflect the population of 'elderly patients' undergoing cardiac surgery in most centres. We have, therefore, taken the definition of ≥70 years to reflect the recent trend in reporting of the elderly population over the past decade; however, we recognize that this remains variable throughout the literature.
In this study, we chose to focus specifically upon only elderly patients who underwent isolated CABG and not include elderly patients who underwent combined CABG + valve procedures. The principal reason was that there are different pathological/disease processes involved in isolated CABG and CABG + valve patients and hence it would complicate the analysis of subsequent benefits in terms of HRQOL. We appreciate that this may have resulted in a loss of inclusion of some studies in our analysis but we preferred to maintain focus upon the effects of revascularization alone upon HRQOL in the elderly.
Within this review, 12 studies were carried out retrospectively, giving rise to potential selection bias. Eight of the included studies did not assess preoperative QOL status. Furthermore, studies undertaking single assessments of HRQOL only provide a 'snapshot' of HRQOL at a specific point in time and do not detect changes over time or the consequences of new health concerns. Multiple assessments of HRQOL over time would be more likely to provide generalizable information on the impact of key variables. Another significant limitation of the cross-sectional manner by which QOL data were collected is that patients who have done badly and subsequently died may have been removed from the study sample, with no data on the patients' quality of life prior to death. In this way, death may act as a competing variable resulting in a bias towards better outcomes.
A further limitation is the small sample size of 10 of the included studies (≤100 patients), decreasing the ability to detect factors influencing HRQOL outcomes. The follow-up range varied from 26 to 100% and many studies only included data of patients who were still alive at time of the follow-up. This may be an important limitation as patients who did not survive may have had lower quality of life. Furthermore, the potential impact of lack of data from non-responders should be noted. These patients may in fact have excellent QOL; however, previous research suggests that non-responders may in fact be more ill and less willing to complete questionnaires [52, 53] .
The issues of missing data due to non-compliance, patient dropout or death have been discussed in further detail by Koch et al. [50] . If the non-response is due to death, the final analysis may be biased towards better outcomes by the dropout of individuals having the poorest physical function. Statistical strategies for dealing with missing data have been developed, from simplistic techniques of non-informative imputation to more complex missing data models and multiple imputations. These tools for dealing with missing data are complicated and often require sensitivity analyses to compare the appropriateness of adopting a particular strategy. Grady et al. [54] have adopted such longitudinal modelling and multivariate analyses in reporting HRQOL after cardiac operations.
In addition to incomplete follow-up, there is currently no established optimal duration for quality of life assessment and no studies report long-term (i.e. 5-year) outcomes in the elderly population. The follow-up period of studies included in this review varied from 6 weeks to 4 years and is limited to 1 year if we consider only RCTs [24] [25] [26] . Furthermore, although Houlind et al. [26] have performed the largest study to date (n = 900), this too is limited by only the 6-month follow-up. This is important to note as the evaluation of HRQOL within the first 6 months after surgery may not produce accurate results. First, slower rehabilitation in elderly patients may adversely affect HRQOL outcomes in this period. Secondly, early beneficial effects on HRQOL seen during this limited period of observation cannot be assumed to be representative of long-term quality of life improvements. Further research is, therefore, required to determine true quality-of-life outcomes after 5 years [14] . There is also evidence that HRQOL can vary over the time of the follow-up. Yun et al. [55] demonstrated that in patients >65, physical function components of HRQOL improved following cardiac operations (majority of which were isolated CABG), peaking at 12 months, but showed small but significant decline thereafter, suggesting effects of the aging process itself or underlying disease.
CONCLUSIONS
This study demonstrates that performing CABG in the elderly is associated with significant improvements in HRQOL. The data presented here support the use of a combination of HRQOL tools to achieve a comprehensive QOL assessment in elderly patients, namely the generic SF-36, preference-based measures EQ-5D and condition-specific SAQ. There is, however, a need to develop more robust and sensitive HRQOL tools specifically for cardiac surgery, and the CROQ offers significant promise and warrants further validation. The findings presented here highlight the importance of performing frailty assessment and assessing HRQOL outcomes in the elderly population undergoing CABG. Furthermore, such tools should play an important role in surgical decision-making, comparative therapies assessment and costeffectiveness analysis. Future development of frailty and HRQOL assessment may improve informed consent and provide an invaluable tool to surgeons counselling elderly patients about to undergo coronary surgery. Further prospective randomized trials are urgently warranted, utilizing advanced analytical techniques to assess HRQOL outcomes.
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